The original data has been supplied as Supporting Information. The raw sequence data reported in this paper have been deposited in the Genome Sequence Archive in BIG Data Center, Beijing Institute of Genomics (BIG), Chinese Academy of Sciences, under submit accession number CRA002156 that are publicly accessible at <https://bigd.big.ac.cn/gsa>

Introduction {#sec001}
============

Lou onion (*Allium fistulosum L*. *var*. *viviparum*), also known as Chinese red onion (*Allium*, *Allioideae*, *Amaryllidaceae*), is an abundant source of flavonols with antioxidant and antimutagenic activities \[[@pone.0231753.ref001]--[@pone.0231753.ref003]\]. Lou onion contains high content of quercetin derivatives \[[@pone.0231753.ref002]\]. Dietary supplementation of lou onion provides additional health benefits to patients with diabetes, insulin resistance, hyperglycemia and cardiovascular disease \[[@pone.0231753.ref002], [@pone.0231753.ref004], [@pone.0231753.ref005]\]. Lou onion is widely cultivated in China with abundant germplasm resources. Most cultivars in China could be clustered into three varietas, including *A*.*fistulosum* L. var. *viviparum* Makino, *A*.*fistulosum* L. var. *caespitosum* Makino and *A*.*fistulosum* L. var. *viviparum* Makino. *A*.*fistulosum* L. var. *viviparum* Makino has strong resistance against cold and drought and therefore is mainly cultivated in cold and arid regions (mid-east region) in China, like Gansu, Ningxia, Qinghai, Shaanxi and Sinkiang provinces. However, the germplasm of lou onion has not been systematically counted and classified till now.

Genetic resources are of great importance for germplasm identification, breeding strategy and crop improvement. Genomic tools based on molecular markers like random amplified polymorphic DNA (RAPD), inter-simple sequence repeats (ISSRs), sequence-characterized amplified region (SCAR) and amplified fragment length polymorphism (AFLP) have been effectively used to elucidate, identify and authenticate the genetic background of accessions \[[@pone.0231753.ref006]--[@pone.0231753.ref009]\]. What's more, the usage of molecular markers benefits to the selection and identification of genetic loci conferring different traits like color and flavonoids synthesis \[[@pone.0231753.ref010]--[@pone.0231753.ref012]\]. For instance, Shigyo et al reported the were different biomarker identified responsible for scale color, flower traits and abiotic stresses in onion \[[@pone.0231753.ref013]\]. These marker systems are economical, simple, automated and quick. However, the numbers of these marker types are insufficient to and far from saturation for large populations.

The rapidly developed deep sequencing technologies have resolved the aforementioned disadvantage of these conventional markers, like specific length amplified fragment (SLAF) sequencing method. Single nucleotide polymorphisms (SNPs) are efficient and powerful genetics and genomics studies. These burgeoning methods like SLAF-seq enable the high-throughput identification of SNPs with stability and abundance in most genomes \[[@pone.0231753.ref014], [@pone.0231753.ref015]\]. SLAF-seq has been implemented on many organisms \[[@pone.0231753.ref016], [@pone.0231753.ref017]\], including those without reference genomes \[[@pone.0231753.ref018]\].

This study was performed to elucidate the genetic background of 122 onion accessions in China using the genome-wide SLAF-seq method. To our knowledge, it was the first study to elucidate the genetic background of Chinese *A*.*fistulosum* L. var. *viviparum* Makino. This study would provide an illumination and reference for the Lou onion germplasm in China.

Materials and methods {#sec002}
=====================

Experimental plant varieties {#sec003}
----------------------------

Samples were collected in 23 different agro-climatic zones in China, with no less than 5 plant samples collected in each region in August 2015. The location of the onion accessions is shown in [Fig 1](#pone.0231753.g001){ref-type="fig"}. Photos and GPS position were token before sampling, then complete plants (including roots and leaves) were collected and put into the fresh-keeping bags with 4--10°C preservation. A set of 122 onion accessions, including *A*.*fistulosum* L. var. *viviparum* Makino (n = 107), *A*.*fistulosum* L. var. *gigantum* Makino (n = 3, act as outgroup), *A*.*mongolicum* Regel (n = 3, act as outgroup) and *A*.*cepa* L. (3 whites, 3 reds and 3 yellows, act as outgroup) generated from these 23 different agro-climatic zones were included and evaluated in this study. These accessions were cultivated in the agricultural science of park of arid crops in Ningxia province, China in 2016. The experimental site (105°17′-106°41′ E longitude, 36°34′-37°32′N latitude, 1283--2625 above the sea level) is characterized by an arid climate (180 mm average annual precipitation and \>2000 mm average annual evaporation). Onions were placed in field fertilized with 6 m^3^/667 m^2^ commercial organic fertilizer (45% organic matter, 5% N+P~2~O~5~+K~2~O, 20 million viable bacteria per gram) with micro-spray irrigation (1500 m^3^/hm^2^ water per year).

![Location of the Lou onion accessions evaluated in this study.\
(Map sources:OSGeo China). Different colors marked different sampling locations.](pone.0231753.g001){#pone.0231753.g001}

Determination of the biophysical traits {#sec004}
---------------------------------------

The dry matter rate (B2,%) and firmness of onion bulbs (g/cm^2^), plant weight (g), plant height (cm), the weight (g), length (cm) and diameter (cm) of pseudo stem, follower height (cm) and pseudostem index were evaluated according to previous description \[[@pone.0231753.ref019]\]. Three accessions of each site were included for biophysical traits evaluation and a total of 69 accessions originated from 23 sites in Tibet, Ningxia, Gansu, Shaanxi, Qinghai and Inner Mongolia. The original data were supplied in [S1 Table](#pone.0231753.s001){ref-type="supplementary-material"}.

DNA extraction and high-throughput sequencing {#sec005}
---------------------------------------------

The young leaves from 122 accessions were collected, snapped frozen in liquid nitrogen and then stored at -80°C before DNA extraction. Fore SLAF sequencing, genomic DNA was extracted from leaf samples using the CTAB methods \[[@pone.0231753.ref020]\]. NanoDrop-2000 spectrophotometer (Thermo Fisher Scientific, Waltham, MA USA) was used for DNA quantification. The isolated genomic DNA was then digested with the restriction enzyme *Hea*III (New England Biolabs, Ipswich, MA, USA) and evenly distributed SLAF tags were obtained. SLAF tags (414--444 bp) were linked to Dual-index sequencing adapters and SLAF sequencing library was constructed following PCR amplification, purification, pooling and gel electrophoresis screening \[[@pone.0231753.ref021], [@pone.0231753.ref022]\]. The paired-end sequencing was performed on the Illumina HiSeq 2500 sequencing platform (Illumina, Inc.; San Diego, CA, US).

Data processing {#sec006}
---------------

Raw reads were obtained and the adapter sequencings were filtered. The data quality was estimated by phred score (Q~30~) and GC percentage (%). SOAP software \[[@pone.0231753.ref023]\] was employed for the paired-end mapping to control genome. Enzyme digestion efficiency and SLAF tags length was analyzed to evaluate the SLAF library quality. SLAF tags number and depth of each sample were evaluated. GATK \[[@pone.0231753.ref024]\] and SAMTOOLS \[[@pone.0231753.ref025]\] methods were used to call SNPs with high consistence in the sequencing population with the threshold of integrity \>0.5 and minor allele frequency (MAF) \> 0.05.

Genetic evolution and statistical analyses {#sec007}
------------------------------------------

After data mining and SNP calling, the SNPs information was used for the analysis of genetic evolution. Phylogenetic tree was constructed using the MEGA5 software \[[@pone.0231753.ref026]\] with neighbor-joining algorithm (p-distance model, 1000 times bootstrap) \[[@pone.0231753.ref027]\]. Population structure analysis was performed using admixture software \[[@pone.0231753.ref028]\] based on the maximum-likelihood method and *K* ranging from 1 to 5. The cross-validation error rate of the K value was analyzed. Principal component analysis (PCA) \[[@pone.0231753.ref029]\] of the 122 accessions was performed using the cluster software \[[@pone.0231753.ref030]\].

Statistical analysis {#sec008}
--------------------

All data were expressed as the mean ± SD. Statistical analysis was performed using the one-way ANOVA followed with LSD test in SPSS 22.0. P \< 0.05 was considered as significant different.

Results {#sec009}
=======

General characteristics of *A.fistulosum L*. var. *viviparum* Makino from different locations {#sec010}
---------------------------------------------------------------------------------------------

[Table 1](#pone.0231753.t001){ref-type="table"} shows that the accessions from the two sites at Tongxin, Ningxia, had relative higher dry matter rate and firmness, plant weight and height, pseudostem weight, length and diameter, and follow height. For instance, the pseudostem firmness of accessions from Tongxin, Ningxia was 0.85±0.02 g/cm^2^ and 0.89±0.01 g/cm^2^, respectively, which was insignificantly higher than 0.74±0.00% (Xiji, Ningxia), 0.71±0.01% (Haiyuan, Ningxia), 0.72±0.00% (Wuwei, Gansu) and 0.71±0.00% (Baiyin,Gansu) of accessions from Ningxia and Gansu, but were significantly higher than \<0.68±0.01% from others. The dry matter rate of the accessions from Tongxin, Ningxia was 20.18±0.09% and 19.36±0.39%, respectively, which were significantly higher than \< 14.06±0.24% (14.12±0.15, Wuwei, Gansu) from other accessions. The accessions from Hetao, Inner Mongolia had the highest pseudostem index (13.19 ± 1.51) compared with others (less than 7.80 ± 1.95, p \< 0.05). The original data is shown in [S1 Table](#pone.0231753.s001){ref-type="supplementary-material"}.

10.1371/journal.pone.0231753.t001

###### The comparison between different biophysical traits in *A*.*fistulosum* L. var. *vivip arum* Makino between different sites (n = 3).

![](pone.0231753.t001){#pone.0231753.t001g}

  Site ID   Sites                   Pseudostem Firmness (g/cm^2^)   Dry matter rate (B2,%)   Plant weight (g)   Plant Height (cm)   Pseudostem Weight (g)   Pseudostem Length (cm)   Pseudostem Diameter (cm)   Follower height (cm) [\*](#t001fn001){ref-type="table-fn"}   Pseudostem index
  --------- ----------------------- ------------------------------- ------------------------ ------------------ ------------------- ----------------------- ------------------------ -------------------------- ------------------------------------------------------------ ------------------
  1         Datong,Qinghai          0.56±0.01^e^                    9.31±0.03 ^cd^           92.26±4.25^de^     47.42±1.42^d^       67.27±5.57^d^           12.42±0.38 ^d^           2.17±0.51^ab^              31.92±1.59 ^ef^                                              5.93±1.37^bc^
  2         Bailang,Tibet           0.48±0.02^f^                    6.19±0.12^f^             80.25±1.04^f^      49.83±1.15 ^c^      55.01±1.56 ^e^          13.00±0.87 ^cd^          1.72±0.32^b^               33.17±1.76^f^                                                7.80±1.95^b^
  3         Linzhi,Tibet            0.57±0.02 ^bc^                  10.39±0.43^cd^           88.58±1.21^e^      56.33±3.26^abc^     68.68±0.44 ^d^          14.33±0.38 ^cd^          2.23±0.78 ^ab^             38.33±2.90^e^                                                6.87±1.86 ^bc^
  4         Baode,Shanxi            0.63±0.00 ^d^                   9.93±0.43 ^cd^           98.01±1.29 ^de^    66.83±5.01^abc^     68.01±1.29 ^d^          13.17±2.25^bcd^          2.06±0.28 ^ab^             44.83±2.57 ^cd^                                              6.37±0.25 ^bc^
  5         Hequ,Shanxi             0.66±0.01 ^bc^                  10.06±0.02 ^c^           100.40±0.63^de^    57.67±4.04^bc^      70.40±0.63 ^d^          13.33±0.63^cd^           2.5±0.76 ^ab^              39.67±0.44 ^e^                                               5.32±0.73^c^
  6         Zhongwei,Ningxia        0.68±0.01^bc^                   10.77±0.19^cd^           135.57±3.38^ab^    68.92±2.67^abc^     105.57±2.67^abc^        14.42±3.38^bc^           2.41±0.36 ^ab^             46.67±0.29 ^bc^                                              5.99±0.19 ^bc^
  7         Jiaxian, Shaanxi        0.51±0.01^e^                    8.31±0.05^de^            107.00±2.32^c^     61.83±1.25^bc^      77.00±2.32 ^d^          13.33±1.04^bcd^          2.12±0.46 ^ab^             41.17±1.61^dee^                                              6.61±2.21 ^bc^
  8         Mizhi,Shaanxi           0.57±0.02^d^                    9.24±0.22 ^cd^           108.80±0.80^bc^    63.50±2.65^abc^     78.80±0.80 ^d^          14.83±1.53^bcd^          2.29±0.20 ^ab^             42.67±1.61^de^                                               6.46±1.28 ^bc^
  9         Yanchi,Ningxia          0.64±0.01^cd^                   10.19±0.04^cd^           141.62±1.55^ab^    71.33±1.25^b^       111.62±1.54 ^a^         15.33±0.76^bc^           2.35±0.50 ^ab^             47.50±1.73 ^bcd^                                             6.67±1.12 ^bc^
  10        Zhongning,Ningxia       0.64±0.01^c^                    10.90±0.10^cd^           140.29±0.99^ab^    69.67±1.26^ab^      110.29±0.99^a^          16.00±0.25^c^            2.59±0.03 ^ab^             44.25±0.50 ^cde^                                             6.17±0.05 ^bc^
  11        Tongxin-1, Ningxia      0.85±0.02^a^                    19.36±0.39^a^            155.96±4.69^a^     76.00±1.80^ab^      112.62±1.10 ^a^         16.17±2.08^bc^           2.96±0.47^ab^              50.17±2.46 ^ab^                                              5.17±0.76^c^
  12        Hetao, Inner mongolia   0.58±0.00 ^d^                   8.86±0.34 ^cd^           115.57±3.38^bcd^   76.47±1.71^ab^      85.57±3.38^cd^          18.40±0.64^ab^           1.41±0.19^b^               49.00±2.88 ^bc^                                              13.19±1.51^a^
  13        Xiji,Ningxia            0.74±0.00^ab^                   12.05±0.08 ^c^           134.87±1.22^ab^    58.25±1.22^abc^     104.87±3.43^b^          15.08±0.88^bc^           2.81±0.47 ^ab^             41.72±2.88^de^                                               5.51±1.33 ^bc^
  14        Yinchuan,Ningxia        0.63±0.01 ^d^                   10.16±0.03 ^d^           126.99±3.51^bc^    61.83±1.66^abc^     96.99±3.51^bc^          15.75±0.66^bc^           2.84±0.59 ^ab^             40.92±2.75^e^                                                5.75±1.44 ^bc^
  15        Tongxin-2, Ningxia      0.89±0.01 ^a^                   20.18±0.09^a^            158.29±2.27^a^     78.92±0.63^a^       118.29±2.24^a^          17.83±1.15^bc^           2.92±0.92 ^ab^             52.83±1.89^ab^                                               6.59±2.30 ^bc^
  16        Wuwei,Gansu             0.72±0.00^ab^                   14.12±0.15 ^b^           138.22±2.04^ab^    69.58±0.63^abc^     108.22±2.04 ^a^         15.33±0.14^c^            2.52±0.11 ^ab^             46.58±2.09 ^bcd^                                             6.08±0.28 ^bc^
  17        Haiyuan,Ningxia         0.71±0.01^ab^                   11.45±0.28 ^c^           134.35±1.11^ab^    72.17±5.34^abc^     104.35±1.11^b^          17.25±1.09^bc^           3.59±0.72 ^a^              49.00±2.88 ^bc^                                              4.90±0.78 ^c^
  18        Longde,Ningxia          0.65±0.03^bc^                   10.82±0.32 ^c^           133.27±3.60^ab^    70.50±3.20^abc^     106.60±2.91^abc^        23.08±11.67^abc^         3.86±0.34 ^ab^             45.92±0.52 ^cd^                                              6.21±3.75 ^bc^
  19        Zizhou,Shaanxi          0.63±0.01^cd^                   8.76±0.11 ^cd^           103.74±3.07^cd^    58.00±1.80^c^       73.74±2.75^d^           14.83±2.75^bcd^          2.11±0.32 ^ab^             33.58±1.63^e^                                                6.99±0.45 ^bc^
  20        Tacheng,Tibet           0.61±0.01^d^                    9.10±0.20 ^cd^           120.90±1.37^bc^    71.62±0.47^b^       90.90±1.37 ^c^          16.88±0.34^b^            2.53±0.30 ^ab^             51.67±1.77 ^ab^                                              6.74±0.65 ^bc^
  21        Yumin, Tibet            0.62±0.01^d^                    10.15±0.04 ^c^           122.57±1.42^bc^    71.90±0.87^b^       92.57±1.42^c^           17.17±0.52^bc^           2.49±0.22 ^ab^             46.38±3.04^c^                                                6.92±0.42 ^bc^
  22        Jingbian,Shaanxi        0.58±0.0 ^d^                    9.33±0.05 ^c^            107.56±1.09^c^     68.67±0.76^bc^      77.56±1.09 ^d^          15.67±1.25^bcd^          2.40±0.72 ^ab^             48.83±3.81 ^bc^                                              6.81±1.43 ^bc^
  23        Baiyin,Gansu            0.71±0.00^ab^                   14.06±0.24 ^b^           134.89±1.13^ab^    70.75±2.00^ab^      104.89±1.12 ^a^         14.75±0.43^c^            2.49±0.19 ^ab^             43.63±1.10 ^cde^                                             5.94±0.60 ^bc^

\*LSD test for data with homogeneity of variance. Statistically significant differences (p\<0.05) between sampling sites are noted by different letters within a column. For all variables with the same letter, the difference between the means is not statistically significant. If two variables have different letters, they are significantly different.

Summary of Illumina sequencing {#sec011}
------------------------------

Illumina sequencing of the 122 accessions generated 1,387.55 M reads, with a Q30 value of 92.07%, 42.79% GC percentage, and 95.01% enzyme digestion efficiency. A total of 2,168,876 SLAF tags, including 183,184 polymorphic SLAF tags (8.45%), were obtained with an average depth of 21.65-fold. The raw sequence data reported in this paper have been deposited in the Genome Sequence Archive in BIG Data Center, Beijing Institute of Genomics (BIG), Chinese Academy of Sciences, under submit accession number CRA002156 that are publicly accessible at <https://bigd.big.ac.cn/gsa>. The distribution of SLAF tags length is shown in [Fig 2](#pone.0231753.g002){ref-type="fig"}. Most of these tags were as long as 414--444 bp. SLAF-seq obtained a total of 680,825 SNPs, including 162,321 SNPs (23.84%) with high quality in the population (integrity \>0.5 and MAF \>0.05). The detail information of the sequencing data of each sample is shown in [S2 Table](#pone.0231753.s002){ref-type="supplementary-material"}.

![The length distribution of the SLAF tags.\
Abscissa represents the insertion fragment with different length. The ordinate represents the reads percentage.](pone.0231753.g002){#pone.0231753.g002}

Evolutionary analysis {#sec012}
---------------------

Based on the 162,321 high quality SNPs, we constructed the phylogenetic tree of the 122 accessions using neighbor-joining methods ([Fig 3A](#pone.0231753.g003){ref-type="fig"}). We found the 3 *A*.*fistulosum* L. var. *gigantum* Makino accessions showed close relationship with a small cluster of *A*.*fistulosum* L. var. *viviparum* Makino accessions (n = 10) from Yinchuan (Ningxia province) and Datong (Qinghai province); 3 *A*.*mongolicum* Regel accessions and 9 *A*.*cepa* L. accessions had long genetic distance from the other accessions, especially from the cluster of *A*.*fistulosum* L. var. *gigantum* Makino. Of the 107 *A*.*fistulosum* L. var. *viviparum* Makino accessions, 88 accessions had close genetic distance. The 3 *A*.*cepa* L. clusters had demarcated genetic relationship with each other and for distance from the 88 *A*.*fistulosum* L. var. *viviparum* Makino accessions.

![The phylogenetic evolution tree of the all accessions.\
A. the phylogenetic evolution tree of the 122 sequencing accessions. Different label colors represent different varieties. B, the phylogenetic evolution tree of the 107 *A*.*fistulosum* L. var. *viviparum* Makino accessions from 23 different sites, respectively. Different colors indicate different sampling locations. The accessions are noted by different numbers as shown in [Table 1](#pone.0231753.t001){ref-type="table"}.](pone.0231753.g003){#pone.0231753.g003}

Next we analyzed the genetic distances among the 107 *A*.*fistulosum* L. var. *viviparum* Makino accessions ([Fig 3B](#pone.0231753.g003){ref-type="fig"}). We observed that the 10 *A*.*fistulosum* L. var. *viviparum* Makino accessions from Yinchuan (Ningxia) and Datong (Qinghai) had short genetic distance between each other, but they had long distance from the other accessions. These accessions from the two sites had no difference in dry matter rate (9.31±0.03% and 10.16±0.03%), pseudostem diameter (2.17±0.51 cm and 2.84±0.59 cm), follower height (31.92±1.59 cm and 40.92±2.75 cm) and pseudostem index (5.93±1.37 and 5.75±1.44, [Table 1](#pone.0231753.t001){ref-type="table"}), which was consistent with the phylogenetic analysis results. Most of the samples from the same place had close genetic distance.

Population structure {#sec013}
--------------------

Based on the maximum-likelihood methods, population structure showed an optimum value of *K* = 3, which indicated all 122 samples in the entire population could be clustered into 3 groups ([Fig 4A and 4B](#pone.0231753.g004){ref-type="fig"} and [S3 Table](#pone.0231753.s003){ref-type="supplementary-material"}). Group 1, 2 and 3 respectively included 11, 14 and 97 accessions (Gansu, Shaanxi, Ningxia, Shanxi, Sinkiang, Tibet and Inner-Mongolia). As for group 1, *A*.*cepa L*. *accessions* were the main component; *A*.*fistulosum* L. var. *gigantum* Makino and *A*.*fistulosum* L. var. *viviparum* Makino accessions from Yinchuan, and Datong were the main components of group 2; *A*. *mongolicum Regel* was between group 1 and 2. As for group 3, *A*.*fistulosum* L. var. *viviparum* Makino accessions were the main components. The results showed that most of the samples from the same place more likely to have similar genetic contents ([S3 Table](#pone.0231753.s003){ref-type="supplementary-material"}).

![Analysis results of population genetic structure.\
A. The estimation of the number of groups for K value ranging from 1 to 5. The red dot indicates the optimum K value. B, the variation pattern of the 122 accessions based on the 162,321 high quality SNPs. Different colors indicated different clustered groups.](pone.0231753.g004){#pone.0231753.g004}

PCA analysis {#sec014}
------------

PCA analysis separated the 122 accessions into 4 groups ([Fig 5](#pone.0231753.g005){ref-type="fig"}), group 1 included 9 *A*.*cepa* L. accessions (3 whites, 3 reds and 3 yellows); group 2 included 3 *A*.*fistulosum* L. var. *gigantum* Makino accessions and the 10 *A*.*fistulosum* L. var. *viviparum* Makino accessions originated from Yinchuan (Ningxia) and Datong (Qinghai), which have similar agronomic traits ([Table 1](#pone.0231753.t001){ref-type="table"}); group 3 included 3 *A*.*mongolicum* Regel accessions; and the major group 4 included 97 *A*.*fistulosum* L. var. *viviparum* Makino accessions as indicated by the population structure analysis. These results showed that the 97 *A*.*fistulosum* L. var. *viviparum* Makino accessions from different sites in Gansu, Shaanxi, Ningxia, Shanxi, Sinkiang, Tibet and Inner-Mongolia had similar genetic evolution.

![Principal component analysis of the 122 accessions.\
Different colors indicated different varieties.](pone.0231753.g005){#pone.0231753.g005}

Discussion {#sec015}
==========

High-throughput sequencing-based genotyping technologies, like SLAF-seq, play important roles in identifying large numbers of SNPs, and other tags or molecular markers. In comparison with other sequencing methods, SLAF-seq technology reduces sequencing costs, deepens sequencing depth and ensures genotyping accuracy \[[@pone.0231753.ref031]\]. Restriction site associated DNA sequencing (RAD-seq) a newly developed high-throughput approach conferring comprehensive understanding of genetic evolution based on SNPs \[[@pone.0231753.ref032], [@pone.0231753.ref033]\]. In addition, RAD-seq technology is a widely used for the construction high-density genetic map \[[@pone.0231753.ref034], [@pone.0231753.ref035]\]. Lee et al. performed paired-end double digested restriction site-associated DNA sequencing (RAD-seq) and identified 1904 SNPs in 192 onion inbred lines \[[@pone.0231753.ref035]\]. The number of 1904 SNPs in 192 onion inbred lines by Lee et al was significantly lower than the number of 162,321 high quality SNPs and total 680,825 SNPs in 122 onion accessions in our study. In soybean, Zhao et al identified 148, 094 SNPs in 330 accessions from China and other countries \[[@pone.0231753.ref036]\] and Zhou et al identified 106,013 SNPs in 286 accessions from different regions in China \[[@pone.0231753.ref037]\]. This difference might suggest the superiority of SLAF-seq in genetic evolution analysis. In this present study, there were 680,825 SNPs identified from 122 accessions, of which 162,321 SNPs with high quality were used for the analysis of the genetic background. We found these accessions were obviously regional and varietal genetic diversity. Most of the onion plants were belong to *A*.*fistulosum* L. var. *viviparum* Makino. As expected, the *A*.*fistulosum* L. var. *gigantum* Makino, *A*.*mongolicum* Regel accessions and *A*.*cepa* L. had long genetic distance from *A*.*fistulosum* L. var. *viviparum* Makino, which indicated the *A*.*fistulosum* L. var. *viviparum* Makino had later divergence time. Interestingly, the *A*.*fistulosum* L. var. *viviparum* Makino from Datong and Yinchuan were clustered together with *A*.*fistulosum* L. var. *gigantum* Makino, which showed that their evolutionary relationship was very close. In addition, some traits of lou onion in Datong and Yinchuan, such as pseudostem firmness and Follower height, were also similar with that of *A*.*fistulosum* L. var. *gigantum* Makino, which further showed the close evolutionary relationship in population between them. At the same time, lou onion in Datong and Yinchuan also showed strong abiotic stress resistance in farming practice, which was probably determined by their closer evolutionary relationship to the wild species \[[@pone.0231753.ref038]--[@pone.0231753.ref041]\]. In our results, The 3 *A*.*cepa* L. clusters (red, white and yellow) had close genetic relationship, of which the relationship was also close to *A*.*fistulosum* L. var. *viviparum* Makino, although their appearance is quite different, this is something we didn\'t expect. The appearance of *A*.*fistulosum* L. var. *viviparum* Makino from Bailang, Tibet and Tongxin-2, Ningxia was quite different. *A*.*fistulosum* L. var. *viviparum* Makino from Bailang, Tibet showed smaller pseudostem firmness, dry matter rate, plant weight, plant height and follower height, but all these indexes were higher in *A*.*fistulosum* L. var. *viviparum* Makino from Tongxin-2. Li et al. proposed that in non-degraded alpine meadow the maximum height of plants were highly correlated with altitude and climatic and soil variables \[[@pone.0231753.ref042]\]. Ma et al. found that there was a negative correlation between plant height and altitude \[[@pone.0231753.ref043]\]. We speculate that the differences in plant shape might be caused by different altitude and climate. After natural selection, plants form differences in appearance.

SNP-based markers could be used for the construction of high-density genetic map, linkage map and quantitative trait loci (QTL) mapping \[[@pone.0231753.ref031], [@pone.0231753.ref044]--[@pone.0231753.ref046]\]. For instance, Chang et al reported a 4,387 polymorphism SLAF markers-based genetic map \[[@pone.0231753.ref044]\]. They identified a promising SNP marker closely associated with body weight might be used for the marker-assisted selection breeding \[[@pone.0231753.ref044]\]. In the view of genetic evolution, SLAF-seq based SNPs identification showed high efficiency \[[@pone.0231753.ref047]\]. Su et al. studied the phylogenetic relationships of 197 tomato accessions from China, Africa, Japan, South Korea, USA and Thailand and demonstrated the efficiency of SLAF-based SNPs on genetic diversity and core germplasm sets \[[@pone.0231753.ref047]\]. Our present study identified the genetic diversity in the 122 accessions of Chinese onion using SLAF methods. It was the first study to identify the genome-wide genetic diversity of Lou onion accessions in China. We obviously identified the genetic diversities among the *A*.*mongolicum* Regel accessions, *A*.*cepa* L. accessions and *A*.*fistulosum* L. var. *viviparum* Makino accessions. *A*.*fistulosum* L. var. *gigantum* Makino showed close genetic relationships to *A*.*fistulosum* L. var. *viviparum* Makino accessions from Yinchuan (Ningxia) and Datong (Qinghai). In addition, we found the 97 *A*.*fistulosum* L. var. *viviparum* Makino accessions from Gansu, Shaanxi, Ningxia, Shanxi, Sinkiang, Tibet and Inner-Mongolia of China had similar genetic history. These provide reference to our further work on breeding strategy and crop improvement.

Conclusions {#sec016}
===========

In conclusion, we confirmed the SLAF-seq approach was effective in genetic diversity analysis in Lou onion. The genetic evolution of Chinese *A*.*fistulosum* L. var. *viviparum* Makino accessions was probably and scratchily described in this study. The *A*.*fistulosum* L. var. *viviparum* Makino accessions from Yinchuan (Ningxia) and Datong (Qinghai) showed long genetic distance from other accessions and that from other regions. However, 97 *A*.*fistulosum* L. var. *viviparum* Makino accessions from Gansu, Shaanxi, Ningxia, Shanxi, Sinkiang, Tibet and Inner-Mongolia of China had similar genetic history. *A*.*cepa* L. clusters (red, white and yellow) had close genetic relationship, of which the relationship was also close to *A*.*fistulosum* L. var. *viviparum* Makino, although their appearance is quite different. The differences in plant shape from Bailang, Tibet and Tongxin-2, Ningxia were quiet different, which might be caused by different altitude and climate. After natural selection, plants form differences in appearance.

Supporting information {#sec017}
======================

###### The original data of biophysical traits in *A*.*fistulosum L*. var. *viviparum* Makino from different sites.

(DOCX)

###### 

Click here for additional data file.

###### Quality control of sequencing data.

(XLSX)

###### 

Click here for additional data file.

###### Analysis results of population genetic structure.

(XLSX)

###### 

Click here for additional data file.
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Reviewer \#1: Partly

Reviewer \#2: Partly

\*\*\*\*\*\*\*\*\*\*
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Reviewer \#1: In this manuscript, the authors described their findings about the genetic diversity of the Luo onion in China. As onion is one of the most widely grown agricultural crop, this study has some merits in understanding the genetic background of onions grown in different places in China. However, the authors only described some numbers superficially with few interpretations, and the authors did not include enough details about what they have done, making the manuscripts they wrote seems too simple. Even the figure legends are over simple, making it hard to know the points the they want to make. Thus, I suggest the authors to add more interpretation, spend some time thinking about what to illustrate in the paper and write it more careful. Below are some suggestions.

Deposit the sequenced reads to public databases such as NCBI SRA.

In the method part, the authors mentioned that "Statistical analysis was performed using the one-way ANOVA". However, the authors did not mention where they do the test. It is in Table 1 when they were comparing the biological traits of varietas collected from different place. The authors may add more description about how they controlled the growing of those onions and how many samples they tested in each position to get the values for those traits. The numbers in table 1 seem too perfect to be true. I suggest the authors to add a supplement to include the original numbers they got. Table 1, "a-f, different letters in the same line indicate a significant different between treatments". This description is wrong. Also, while most values have the significant group letter as superscript, some are not. What are the row "P" and the row "F"? What is "DR"? "Dunnett'3 test" should be "Dunnett's test". Which one you use LSD test and which "Dunnett's test"?

Line 125, "Table 1 showed that the accessions from the two sites at Tongxi had relative higher dry matter rate and firmness, plant weight and height, pseudostem weight, length and diameter, and follow height". The authors made the LSD test but did not draw conclusion based on the test.

Line 127, "there was not difference", change to "there was no significant difference". Again, I doubted the results. It is hard for a value like "13.19±1.51" not significantly different from other values in the "pseudostem index" column of Table 1. I strongly suggest the authors to include the original data for the test.

Fig. 1, use English names provinces in the figure. What are those arrows? How many samples were collected in each place and what are those samples? Which groups the samples belong to in Figure 4B? "Red star indicates the capital city of China, Beijing". What point you want to make from this description? Help people understand the geography of China?

Fig. 3B, it is impossible to distinguish so many colors in the figure. May use abbreviations to label different groups. It's hard to know what the labels in the figure means. Need some explanation in figure legend.

Fig. 4B, remove "k=1" part. How are the samples ordered? By varietas and by positions they were collected? Any further explanation about the observation? Are samples collected in the same places more likely to have similar genetic contents? Did you get consistent result if running admixture multiple times with different random seed numbers?

Fig. 5, I think it is better to plot 2D figures, and try to connect the results in Fig. 4B with the PCA result. Some samples from the varietas of A.fistulosum L. var. viviparum Makino are very close to A.fistulosum L. var. gigantum Makino but far from other samples from the same varietas. Any explanation?

Line 32, Principal component analysis, not "Principal components analysis".

Line 105, add citation for SOAP software.

Line 157, "Group 1, 2 and 3 respectively included 11, 14 and 97 accessions". So the 122 accessions includes 107 A.fistulosum L. var. viviparum Makino, 3 A.fistulosum L. var. gigantum Makino, 3 A.mongolicum Regel and 9 A.cepa L. accessions. What samples are in these three groups? Any relationship with the species?

Reviewer \#2: The manuscript: "Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing" is well written. The main contribution deals with the analysis of 122 A. fistulosum accessions were, as expected, regional and varietal genetic diversity were found. Also is valuable the use of the SLAF approach.

However, the biological and agronomical point of view is poorly discussed. In table 1, the authors have many data that can be discussed and they only mention that the accessions from the two sites at Tongxin, Ningxia, had relative higher dry matter rate and firmness, plant weight and height, pseudostem weight, length and diameter, and follow height. However, there was not difference in the pseudostem index. They do not relate these differences with the molecular data.

They authors also mention that SNP-based markers could be used for the construction of high-density genetic map, linkage map and quantitative trait loci (QTL) mapping, which is true as long as they have segregating populations to perform this analysis.

Some other comments:

Key words: I suggest eliminating genetic evolution, and including Allium evolution

Please review the systematics, indeed A. fistulosum is an Amaryllidaceae, but also an Allioideae (former Alliaceae). The authors should carefully review the systematics of the specie.

Instead of the title Determination of the biophysical traits, I suggest to include Agronomic Traits

I also recommend the author to review papers published in The Allium Genomes (2018) edited by Dr. Masayoshi Shigyo, published by Springer.
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Dear Tzen-Yuh Chiang,

Academic Editor

PLOS ONE,

We are responding to the editor and reviewers' comments concerning our manuscript entitled "Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing" (ID: PONE-D-19-22783).

Thank you for your letter and for the comments which are all valuable and very helpful for revising and improving our paper. We have studied the comments carefully and have made corrections as marked in the revisions and listed as follows:

Point-by-point response to the reviewer's comments

Journal Requirements:

When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

1\. In your Data Availability statement, you have not specified where the minimal data set underlying the results described in your manuscript can be found. PLOS defines a study\'s minimal data set as the underlying data used to reach the conclusions drawn in the manuscript and any additional data required to replicate the reported study findings in their entirety. All PLOS journals require that the minimal data set be made fully available. For more information about our data policy, please see <http://journals.plos.org/plosone/s/data-availability>.

Upon re-submitting your revised manuscript, please upload your study's minimal underlying data set as either Supporting Information files or to a stable, public repository and include the relevant URLs, DOIs, or accession numbers within your revised cover letter. For a list of acceptable repositories, please see <http://journals.plos.org/plosone/s/data-availability#loc-recommended-repositories>. Any potentially identifying patient information must be fully anonymized.

Important: If there are ethical or legal restrictions to sharing your data publicly, please explain these restrictions in detail. Please see our guidelines for more information on what we consider unacceptable restrictions to publicly sharing data: <http://journals.plos.org/plosone/s/data-availability#loc-unacceptable-data-access-restrictions>. Note that it is not acceptable for the authors to be the sole named individuals responsible for ensuring data access.

We will update your Data Availability statement to reflect the information you provide in your cover letter.

-Response: The original data has been supplied as Supplementary Table S1.

2\. Please include your tables as part of your main manuscript and remove the individual files. Please note that supplementary tables (should remain/ be uploaded) as separate \"supporting information\" files

-Response: We attached the table 1 below the main text according to the comment.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

Comments to the Author

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Partly

Reviewer \#2: Partly

-Response: The results, especial Table 1, have been well displayed and discussed according to the comments from the two reviewers.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

-Response: Thanks for your comments.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The PLOS Data policyrequires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: No

Reviewer \#2: Yes

-Response: The original data for table 1 has been supplied as Supplementary Table S1.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

-Response: Thanks for your comments. The manuscript has been improved according to other comments. However, the minor errors in grammar and writing have been checked and revised now.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1:

In this manuscript, the authors described their findings about the genetic diversity of the Luo onion in China. As onion is one of the most widely grown agricultural crop, this study has some merits in understanding the genetic background of onions grown in different places in China. However, the authors only described some numbers superficially with few interpretations, and the authors did not include enough details about what they have done, making the manuscripts they wrote seems too simple. Even the figure legends are over simple, making it hard to know the points the they want to make. Thus, I suggest the authors to add more interpretation, spend some time thinking about what to illustrate in the paper and write it more careful. Below are some suggestions.

-Response: Thanks for your comments and suggestions. We have made revisions or modifications according to your kind suggestions as listed below.

Deposit the sequenced reads to public databases such as NCBI SRA.

-Response: The raw sequence data reported in this paper have been deposited in the Genome Sequence Archive in BIG Data Center, Beijing Institute of Genomics (BIG), Chinese Academy of Sciences, under submit accession number subCRA002329 that are publicly accessible at <https://bigd.big.ac.cn/gsa>.

In the method part, the authors mentioned that "Statistical analysis was performed using the one-way ANOVA". However, the authors did not mention where they do the test.

-Response: The methods were revised to "Statistical analysis was performed using the one-way ANOVA followed with LSD test in SPSS 22.0" according to your suggestion. SPSS 22.0 was used for statistical analysis.

It is in Table 1 when they were comparing the biological traits of varietas collected from different place. The authors may add more description about how they controlled the growing of those onions and how many samples they tested in each position to get the values for those traits.

-Response: Thank you for your comments, the sampling details were added in the newly submitted manuscript. Onions were placed in field fertilized with 6 m3/667 m2 commercial organic fertilizer (45% organic matter, 5% N+P2O5+K2O, 20 million viable bacteria per gram) with micro-spray irrigation (1500 m3/hm2 water per year).

The numbers in table 1 seem too perfect to be true. I suggest the authors to add a supplement to include the original numbers they got.

-Response: The original data is supplied as Table S1. We promise here that all the data is true.

Table 1, "a-f, different letters in the same line indicate a significant different between treatments". This description is wrong.

-Response: We changed it to "Statistically significant differences (p\<0.05) between sampling sites are noted by different letters within a column".

Also, while most values have the significant group letter as superscript, some are not.

-Response: Thanks for your careful review. The first two letters in the first column have been changed to superscript now.

What are the row "P" and the row "F"? What is "DR"? "Dunnett'3 test" should be "Dunnett's test". Which one you use LSD test and which "Dunnett's test"?

-Response: Sorry for the wrong writing. We perform all the statistical analyses with the LSD test.

Line 125, "Table 1 showed that the accessions from the two sites at Tongxi had relative higher dry matter rate and firmness, plant weight and height, pseudostem weight, length and diameter, and follow height". The authors made the LSD test but did not draw conclusion based on the test.

-Response: Thanks for your comment. This part has been revised and the related sentences are "For instance, the pseudostem firmness of accessions from Tongxin, Ningxia was 0.85±0.02 g/cm2 and 0.89±0.01 g/cm2, respectively, which was insignificantly higher than 0.74±0.00% (Xiji, Ningxia), 0.71±0.01% (Haiyuan, Ningxia), 0.72±0.00% (Wuwei, Gansu) and 0.71±0.00% (Baiyin,Gansu) of accessions from Ningxia and Gansu, but were significantly higher than \<0.68±0.01% from others. The dry matter rate of the accessions from Tongxin, Ningxia was 20.18±0.09% and 19.36±0.39%, respectively, which were significantly higher than \< 14.06±0.24% (14.12±0.15, Wuwei,Gansu) from other accessions. The accessions from Hetao, Inner mongolia had the highest pseudostem index (13.19±1.51) compared with others (less than 7.80±1.95, p \< 0.05)."

Line 127, "there was not difference", change to "there was no significant difference".

-Response: This sentence has been changed as aforementioned. There are differences in the pseudostem index between sites.

Again, I doubted the results. It is hard for a value like "13.19±1.51" not significantly different from other values in the "pseudostem index" column of Table 1. I strongly suggest the authors to include the original data for the test.

-Response: Sorry for the missing analysis. We have analyzed the pseudostem index and the difference is presented in Table 1. Thanks for your careful review and the valuable correction. The original data was provided at your invitation (Supplementary Table S1).

Fig. 1, use English names provinces in the figure. What are those arrows? How many samples were collected in each place and what are those samples? Which groups the samples belong to in Figure 4B? "Red star indicates the capital city of China, Beijing". What point you want to make from this description? Help people understand the geography of China?

-Response: Thank you for your comments. Figure 1 was reversed in the newly submitted manuscript. And the names of the sampling location were marked. As for Figure 4B, to batter explain it, we added Table S3 as supporting information.

Fig. 3B, it is impossible to distinguish so many colors in the figure. May use abbreviations to label different groups. It's hard to know what the labels in the figure means. Need some explanation in figure legend.

-Response: This figure has been revised according to your suggestion. The explanation for the labels in the figure has been added in figure legends.

Fig. 4B, remove "k=1" part. How are the samples ordered? By varietas and by positions they were collected? Any further explanation about the observation? Are samples collected in the same places more likely to have similar genetic contents? Did you get consistent result if running admixture multiple times with different random seed numbers?

-Response: Thank you for your comments. Samples were ordered according to the genetic diversity. Most of the samples from the same place more likely to have similar genetic contents. In the data process, we carried out the structure analysis results according to the results of linkage disequilibrium attenuation analysis. Consistent result was got with different random seed numbers.

Fig. 5, I think it is better to plot 2D figures, and try to connect the results in Fig. 4B with the PCA result. Some samples from the varietas of A.fistulosum L. var. viviparum Makino are very close to A.fistulosum L. var. gigantum Makino but far from other samples from the same varietas. Any explanation?

-Response: The 2D PCA figure was added according to your suggestion. Only three groups were identified in the 2D figure, and then the related text was revised. The correlation with Figure 4B was explanted and analyzed then.

Line 32, Principal component analysis, not "Principal components analysis".

-Response: Done as suggested.

Line 105, add citation for SOAP software.

-Response: Reference Li et al 2009 was cited according to your suggestion.

Line 157, "Group 1, 2 and 3 respectively included 11, 14 and 97 accessions". So the 122 accessions includes 107 A.fistulosum L. var. viviparum Makino, 3 A.fistulosum L. var. gigantum Makino, 3 A.mongolicum Regel and 9 A.cepa L. accessions. What samples are in these three groups? Any relationship with the species?

-Response: Thank you for your suggestions, we reversed this part as suggested.

Reviewer \#2:

The manuscript: "Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing" is well written. The main contribution deals with the analysis of 122 A. fistulosum accessions were, as expected, regional and varietal genetic diversity were found. Also is valuable the use of the SLAF approach.

However, the biological and agronomical point of view is poorly discussed. In table 1, the authors have many data that can be discussed and they only mention that the accessions from the two sites at Tongxin, Ningxia, had relative higher dry matter rate and firmness, plant weight and height, pseudostem weight, length and diameter, and follow height. However, there was not difference in the pseudostem index. They do not relate these differences with the molecular data. They authors also mention that SNP-based markers could be used for the construction of high-density genetic map, linkage map and quantitative trait loci (QTL) mapping, which is true as long as they have segregating populations to perform this analysis.

-Response: Thank you very much for your kindly suggestions. In order to better express the views and conclusions of this manuscript, we revised the discussion section. The combination of different evolutionary relationships and traits were discussed.

Some other comments:

Key words: I suggest eliminating genetic evolution, and including Allium evolution

-Response: Done as suggested.

Please review the systematics, indeed A. fistulosum is an Amaryllidaceae, but also an Allioideae (former Alliaceae). The authors should carefully review the systematics of the specie.

-Response: Thanks for your suggestion. We changed it to ", .... also known as Chinese red onion, the Amaryllidaceae family and Allium genus (Allium, Allioideae, Amaryllidaceae". The subfamily Allioideae is often disregarded in our mind. Thanks for your reminding.

Instead of the title Determination of the biophysical traits, I suggest to include Agronomic Traits

-Response: Thanks for your suggestions. The inclusion of agronomic traits may increase the novelty of our paper. We determined the agronomic traits of accessions from 8 sites in Ningxia, not all the 23 sites in China. There was no consistency with the sequence analysis.

I also recommend the author to review papers published in The Allium Genomes (2018) edited by Dr. Masayoshi Shigyo, published by Springer.

-Response: Thanks for our recommendation. However, the Dr. Masayoshi Shigyo published The Allium Genomes based on the Allium Species from Middle Asia. The "Taxonomical and Ethnobotanical Aspects of Allium Species from Middle Asia" and "Classical Genetics on Gene Mapping" sections were cited.

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. (Remove my information/details). Please contact the publication office if you have any questions.

-Response: We tried our best to improve the manuscript and made some changes in the manuscript according to your suggestions. These changes will not influence the content and substance of the paper. And here we did not list the changes but marked in a Tracked Changes version in revised paper.

Once again, thank you very much for your comments and suggestions

Sincerely,

Dr. Tianhai Fang

###### 

Submitted filename: Response to Reviewers.docx

###### 

Click here for additional data file.
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Creative Commons Attribution License
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29 Jan 2020

PONE-D-19-22783R1

Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing

PLOS ONE

Dear Dr. Fang,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Mar 14 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please also amend your figure as per our previous communications below.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Tzen-Yuh Chiang

Academic Editor

PLOS ONE

Journal Requirements:

Additional Editor Comments (if provided):

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors made some improvements based on the comments. But the manuscript and the response from the authors still hold some errors which are too obvious. Based on the description and the original data provided by the author, I have to draw the conclusion that the data in this manuscript is not reliable. Thus, I suggest to reject this manuscript.

The accession number is not "subCRA002329".

Fig. 2 is already removed. So the figure legends and figure numbers in the manuscript are wrong.

The major concern is the discordant of Table 1 and Table S1. It is hard to allow such errors. In table 1, as the sample names are missing in table S1, we have to count number of samples. However, "Datong, Qinghai", sample names are "1-1, 1-2, 1-3, 1-4, 1-5" which include 5 samples, but there are only 3 samples in table S1. "Zhongwei,Ningxia" samples are "29-1, 29-2, 29-3", but the indexes are "16" in table S1 for that site. In fact, there are too many discordant parts in these two tables.

Reviewer \#2: All the suggestions made in the previous review had been incorporated. The manuscript has improved a lot and can be published.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

PONE-D-19-22783R1

Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing

PLOS ONE

Dear Mr. Fang,

Thank you ever so much for your email and for confirming you will either obtain copyright permissions, or replace the figure in your manuscript. Your manuscript is with the reviewers and as soon as the academic editor has made their decision, you will be notified and then able to amend your manuscript accordingly.

Many thanks for your response and patience as your manuscript is reviewed,

Kind regards,

Vicky Stabler

PLOS ONE

On Sun, Jan 19, 2020 at 1:14 AM wrote:

Dear Dr. Vicky Stabler，

We will apply for copyright license from the original copyright holder of figure 1. If we fail to obtain the license, we will replace Figure 1 with an unprotected Figure.

SincerelyHaitian Fang

Dr.  Haitian FANG Associate professor in Food Microbiology and Fermentation EngineeringExecutive Deputy Director of Ningxia Key Laboratory for Food Microbial-Applications Technology and Safety Control.Head of Department of Food ScienceSchool of Agriculture, Ningxia UniversityYinchuan, Ningxia  750021P.R.ChinaEmail: <fanght@nxu.edu.cn> Phone: 86-951-2061692

\--

Vicky Stabler

Editorial Office <Ltdvicky.stabler@editorialoffice.co.uk>=================================================================================

Running on-line journal editorial offices for societies and publishers since 2002

=================================================================================

www.editorialoffice.co.uk

Tel: 0845 834 0370\@TheEdShedConfidentiality Notice: This email and any attachments are solely for the use of the intended recipient, contain confidential and proprietary information, and may be privileged. If you are not the intended recipient (or authorized to receive messages for, or deliver them to, the intended recipient), you may not use, copy, disclose or distribute this email and any attachments. If you think you received this email in error, please notify the sender by return email or by telephone, and delete this email and any attachments from your system.

Disclaimer/Virus Notice: The views or opinions expressed in this email are those of the sender and do not necessarily represent those of Editorial Office Ltd unless otherwise specifically stated. Neither Editorial Office Ltd nor any of its agents accept any responsibility for any viruses that may be contained in this email or any attachments, and it is your responsibility to scan the email and any attachments.

\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

In compliance with data protection regulations, you may request that we remove your personal registration details at any time. (Use the following URL: <https://www.editorialmanager.com/pone/login.asp?a=r>). Please contact the publication office if you have any questions.  Date: Jan 24 2020 08:00AM To: \"Haitian Fang\" <fanght@nxu.edu.cn> From: \"Vicky Stabler\" <vicky.stabler@editorialoffice.co.uk> Subject: PLOS ONE: PONE-D-19-22783R1
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Author response to Decision Letter 1

6 Mar 2020

Dear Tzen-Yuh Chiang,

Academic Editor

PLOS ONE,

We are responding to the further comments from editor and reviewers concerning our manuscript entitled "Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing" (PONE-D-19-22783R1).

Thank you for your letter and for the comments. We have studied the comments carefully and have addressed them carefully.

Point-by-point response to the reviewer's comments

PONE-D-19-22783R1

Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing

PLOS ONE

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Yes

\-\--Response: The comments of the first reviewer on our revision and data was very professional and profound. We responded the main questions on discordant parts following questions (Comment 1).

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\-\--Response: Does the first review mean the discordant parts in data? I look forward to receiving your criticism upon your specific comments, if there are any questions on the methods of statistical analysis.

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The PLOS Data policy requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors made some improvements based on the comments. But the manuscript and the response from the authors still hold some errors which are too obvious. Based on the description and the original data provided by the author, I have to draw the conclusion that the data in this manuscript is not reliable. Thus, I suggest to reject this manuscript.

\-\--Response：Thanks for your comments. Your confusion might due to the inconsistency between the number of accessions used for description of biophysical traits (69 accessions originated from 23 sites) and molecular study (a total of 122 accessions originated from 23 sites and 5 out-groups). The description of biophysical traits was only performed on 69 accessions from 23 sites. It is well know that the number of samples in each group should be the same at the time of statistics. Since only three samples can be collected in some regions, we choose a sample size of 3 (n=3) for statistics. However, the number of samples does not affect the construction of evolutionary trees, so we used all the 122 samples in the phylogenetic analysis. Besides, the accessions of A.cea L. accessions (Red, 24-1, 24-2, and 24-3), A.cea L. accessions (White, 25-1, 25-2, and 25-3), A.cea L. accessions (Yellow, 26-1, 26-2, and 26-3), A.var.gigantum (27-1, 27-2, and 27-3), and A.mongolicum Regel (28-1, 28-2, and 28-3) were used as out-groups in the phylogenetic analysis, there is no need to investigate their agronomic traits.

The accession number is not "subCRA002329".

\-\--Response：Thanks for your comments. The submitted accession number is CRA002156, not "subCRA002329".

Fig. 2 is already removed. So the figure legends and figure numbers in the manuscript are wrong.

\-\--Response：Thanks for your comments. We forgot to submit Fig. 2. It has been uploaded this time.

The major concern is the discordant of Table 1 and Table S1. It is hard to allow such errors. In table 1, as the sample names are missing in table S1, we have to count number of samples. However, "Datong, Qinghai", sample names are "1-1, 1-2, 1-3, 1-4, 1-5" which include 5 samples, but there are only 3 samples in table S1. "Zhongwei,Ningxia" samples are "29-1, 29-2, 29-3", but the indexes are "16" in table S1 for that site. In fact, there are too many discordant parts in these two tables.

\-\--Response: Sorry for the inadequate description in table 1. We had added the sample number in revised MS. And we renamed the '29-1', '29-2', and '29-3' to '6-1', '6-2', and '6-3', respectively (There was no 6 in the original group name, but 29). So, there should be no misunderstanding. The sample number in Table S1 and S2 have been revised accordingly. In addition, the count number of accessions used for sequencing was 3-5 (a total of 122 accessions originated from 23 sites and 5 out-groups). Correspondingly, we modified the Figure 3, and we labeled the site locations and sample ID in Figure 3. For biophysical traits analysis, we used 3 individuals for each site (69 accessions originated from 23 sites, n=3). The discordant parts between the two tables have been addressed as above. We have reordered the tables (the numbers are not changed) to make it easier to read. In addition, we also marked the sample number n = 3 in Table 1.

We thank you very much for your hard work and patience with our paper. We hope the correction and responses to the comments met your approval.

Reviewer \#2: All the suggestions made in the previous review had been incorporated. The manuscript has improved a lot and can be published.

\-\--Response: We thank you very much for your hard work and patience with our paper.

7\. PLOS authors have the option to publish the peer review history of their article (what does this mean?). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

\-\--Response： No.

Once again, thank you very much for your comments and suggestions

Sincerely,

Dr. Fang

###### 

Submitted filename: Response to reviewers-2nd.docx

###### 

Click here for additional data file.
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1 Apr 2020

Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing

PONE-D-19-22783R2

Dear Dr. Fang,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Tzen-Yuh Chiang

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: The authors have adequately addressed the comments raised in a previous round of review and this manuscript is now acceptable for publication.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No

10.1371/journal.pone.0231753.r006

Acceptance letter

Chiang

Tzen-Yuh

Academic Editor

© 2020 Tzen-Yuh Chiang

2020

Tzen-Yuh Chiang
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Creative Commons Attribution License

, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

24 Apr 2020

PONE-D-19-22783R2

Genome-wide assessment of population structure and genetic diversity of Chinese Lou onion using specific length amplified fragment (SLAF) sequencing

Dear Dr. Fang:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Tzen-Yuh Chiang

Academic Editor

PLOS ONE

[^1]: **Competing Interests:**The authors have declared that no competing interests exist.
